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UHGXFHG E\   >  @ 6HYHUDO UHVHDUFK ZRUNV VKRZ WKH HIIHFWV RI ELRHWKDQRO XVH RQ WKH HQHUJHWLFDOO\
SHUIRUPDQFHSROOXWDQWHPLVVLRQVDQGFRPEXVWLRQFKDUDFWHULVWLFVRIVSDUN LJQLWLRQHQJLQHV&KULVWLHHWDO >@XVHV
( DW D VXSHUFKDUJHG 6,( DQG VKRZV D GHFUHDVLQJ LQ IXHO FRQVXPSWLRQZLWK  DW HQJLQHPD[LPXP WRUTXH
VSHHG>@2WKHUVDXWKRUVVKRZHGWKDWWKHEUDNHWKHUPDOHIILFLHQF\VLJQLILFDQWLQFUHDVHVZLWKDWWKHLQFUHDVH
RI ELRHWKDQRO FRQWHQW LQ ELRHWKDQROJDVROLQH PL[WXUH DW DOO HQJLQH VSHHGV FRPSDUDWLYH ZLWK JDVROLQH >@ $OVR
DSSHDUVDVLJQLILFDQWUHGXFWLRQRIWKHHPLVVLRQVOHYHOIRU&2&2+&DQG12;DQGRIF\FOHYDULDELOLW\FRHIILFLHQWV
&29IRUD6,(ZLWKGLVSODFHPHQWRI>GP@.Ro0HWDOLQYHVWLJDWHGD6,(IXHOOHGZLWK((DQG(DW
YDULRXVFRPSUHVVLRQUDWLRVDQGDWIXOOORDGUHJLPHIRUHQWLUHHQJLQHVSHHGVGRPDLQ>PLQ@
DQGVKRZVWKHGHFUHDVLQJRIWKHEUDNHVSHFLILFIXHOFRQVXPSWLRQ%6)&>@*RJRV>@VKRZVSURQRXQFHGGHFUHDVH
RI WKH&2DQG+&HPLVVLRQVDW WKHHWKDQROSHUFHQWDJH LQFUHDVH LQEOHQGZLWKJDVROLQH$WDQ
HWKDQRO IXHOOHG WXUERFKDUJHGHQJLQH(IXHO W\SH WKHSRZHU LV LQFUHDVHGZLWKFRPSDUDWLYHZLWKJDVROLQH
>@&XUWR5LVVR>@VKRZVWKDWWKH&29YDOXHVFDOFXODWHGIRUJDVROLQHHWKDQROEOHQGVIXHOOHGHQJLQHDUHGHFUHDVHG
ZLWKDOPRVWDWWKHLQFUHDVHRIHWKDQROSHUFHQWXSWLOOIRUDOODLUIXHOUDWLRGRPDLQ,QWKHVDPHWLPH
DWWKHVXSHUFKDUJHGHQJLQHVIXHOOHGE\ELRHWKDQROWKHERRVWSUHVVXUHFDQEHLQFUHDVHGZLWKRXWRFFXUVWKHDEQRUPDO
NQRFNFRPEXVWLRQ>@7KHJUHDWHUODPLQDUIODPHVSHHGRIWKHELRHWKDQROFRPSDUDWLYHWRJDVROLQH
DVVXUHV FRPEXVWLRQGXUDWLRQGHFUHDVHVZLWKSRVVLELOLWLHV RI OHDQHUPL[WXUHV XVH ELRHWKDQRO±DLU EOHQGKDV DZLGHU
UDQJHRILJQLWLRQDELOLW\FRPSDULQJWRJDVROLQH«YHUVXV«DQGWKHTXDOLW\DGMXVWPHQWRIHQJLQHORDG
> @ )URP WKLV SRLQW RI YLHZ WKH F\FOH YDULDELOLW\ DW OHDQ GRVDJHVPD\ EH LPSURYHG7KH XVH RI ELRHWKDQRO
DVVXUHVDQLQWDNHDLUHIILFLHQWFRROLQJHIIHFWGXHWRLWVKLJKHUKHDWRIYDSRUL]DWLRQHIIHFWZKLFKDWWKHVXSHUFKDUJHG
6,(LVYHU\LPSRUWDQW>@7KXVWKHLQWDNHDLUFRROLQJHIIHFWOHDGVWRDYROXPHWULFHIILFLHQF\LPSURYHPHQWDQG
UHGXFHVWKHULVNRINQRFN$OVRWKLVDVSHFWPD\OHDGVWRWKHLPSURYHPHQWRIWKHF\FOHYDULDELOLW\GXULQJWKHLQLWLDO
SKDVHRIWKHFRPEXVWLRQ)RUKLJKHUSHUFHQWDJHRIELRHWKDQROLQEOHQGVZLWKJDVROLQHLQFUHDVHVWKHNQRFNUHVLVWDQFH
LQFUHDVHV DQG DOORZV WKH LQFUHDVLQJ RI WKH ERRVWLQJ SUHVVXUH KHOSLQJ WR LPSURYH WKH HQJLQH HQHUJHWLFDOO\
SHUIRUPDQFH>@7KHKLJKHUELRHWKDQRORFWDQHQXPEHULQFUHDVHVWKHDXWRLJQLWLQJUHVLVWDQFHRIWKHHQGJDV]RQH
ELRHWKDQRO EHLQJ FRQVLGHUHG DQ HIILFLHQW DQWLNQRFN DJHQW IRU WKH VXSHUFKDUJHG 6,( >  @ &RPSDUDWLYH WR
JDVROLQH ELRHWKDQRO KDV D KLJKHU ODPLQDU IODPH VSHHG DOPRVW  WLPHV KLJKHU D ORZHU DGLDEDWLF IODPH
WHPSHUDWXUH  R& FRPSDUDWLYH WR  R& D KLJKHU RFWDQH QXPEHU 521  FRPSDUDWLYH WR  DQG
JUHDWHUDXWR LJQLWLRQ WHPSHUDWXUH  R&FRPSDUDWLYH WR« R&  >@$OO WKHVHDVSHFWV LQIOXHQFH WKH
F\FOHYDULDELOLW\RIWKHFRPEXVWLRQSURFHVV 
7KH QRYHOW\ RI WKLV SDSHU LV WKH F\FOH YDULDELOLW\ VWXG\ IRU D WXUER FKDUJHG HQJLQH IXHOOHG ZLWK ELRHWKDQRO
GHYHORSHGIURPDQDVSLUDWHGSHWUROHQJLQHELRHWKDQROEHLQJXVHGDVDQDQWLNQRFNDJHQW7KHF\FOHYDULDELOLW\FDQEH
FKDUDFWHUL]HG E\ FRHIILFLHQWV RI LQF\OLQGHU SUHVVXUH YDULDWLRQ 7KH LQWHQVLW\ RI WKH F\FOH YDULHW\ SKHQRPHQD LV
GHILQHGE\WKHFRHIILFLHQWRIF\FOHYDULDELOLW\DVUHODWLRQDQGVKRZV7KHFRHIILFLHQWRIF\FOHYDULDELOLW\
LV GHILQHG DV D UHODWLYH DYHUDJH GHYLDWLRQ RI PD[LPXP SDUDPHWHUV YDOXHV >@ )RU ³Q´ FRQVHFXWLYH F\FOHV LI LV
FRQVLGHUHGDQRUPDOGLVWULEXWLRQRIWKHGHYLDWLRQSUREDELOLWLHVWKHVTXDUHGDYHUDJHGHYLDWLRQFDQEHFDOFXODWHGDQG
WKHF\FOHYDULDELOLW\FRHIILFLHQW&29LVGHILQHGDV
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LVWKHUHODWLRQIRUDYHUDJHYDOXHVFDOFXOXV
,QWKHVHUHODWLRQV³Q´LVWKHQXPEHURIF\FOHV³D´LVWKHSDUDPHWHURIZKLFKYDULDELOLW\LVVWXG\DQGLVGHILQHGE\
LQGLFDWHGPHDQHIIHFWLYHSUHVVXUH,0(3PD[LPXPSUHVVXUHSPD[PD[LPXPSUHVVXUHULVHUDWHGSGDPD[DQGWKH
DQJOH ZKHUH PD[LPXP SUHVVXUH RFFXUV DSPD[ LQ WKH F\FOH QXPEHU ³L´ *HQHUDOO\ WKH ZD\ RI F\FOH YDULDELOLW\
HYDOXDWLRQIRUUHJLPHVZLWKVSDUNWLPLQJFORVHUWRWKHYDOXHRIVSDUNWLPLQJIRUPD[LPXPWRUTXHEUDNH07%WKH
&29RIPD[LPXPSUHVVXUH LV VXLWDEOH 7KH&29RIPD[LPXPSUHVVXUH DQJOH LV XVHG IRU FKDUDFWHUL]DWLRQ RI WKH
FRPEXVWLRQF\FOHYDULDELOLW\GXULQJWKHLQLWLDOSKDVHRIFRPEXVWLRQ7KH&29,0(3LVWKHPRVWVXLWDEOHLQVWUXPHQW
WR GHILQH WKH HQJLQH UHVSRQG WR WKH FRPEXVWLRQ SURFHVV YDULDELOLW\ DQG GHILQHV WKH OLPLW RIPL[WXUH OHDQLQJ7KLV
F\FOHFRHIILFLHQWFDQDOVRLQGLFDWHWKHYDULDELOLW\RIIODPHGHYHORSPHQWGXULQJWKHLQLWLDOSKDVHRIFRPEXVWLRQ>
@ 7KH IXHO W\SH LQIOXHQFHV WKH F\FOH YDULDELOLW\ E\ WKH YDOXH RI LWV ODPLQDU IODPH YHORFLW\ )RU KLJKHU ODPLQDU
FRPEXVWLRQVSHHGRI WLPHVKLJKHU IRUELRHWKDQROYHUVXVJDVROLQH WKHELRHWKDQRO IODPHGHYHORSPHQW LVPXFK
TXLFNHUFRPSDUDWLYHWRJDVROLQH$KLJKHUFRPEXVWLRQYHORFLW\UHGXFHVWKHLQIOXHQFHRIWXUEXOHQFHDQGUHGXFHVWKH
F\FOHYDULDELOLW\ >@7KHTXDOLW\RI WKH LQF\OLQGHUPL[WXUH LQIOXHQFHV WKHFRPEXVWLRQSURFHVV WKUXFKHPLFDO
UHDFWLRQVSHHGZLWKDPD[LPXP LQ WKHDUHDRI ULFKGRVDJH WKHLQLWLDODQGILQDOSKDVHVRI WKHFRPEXVWLRQSURFHVV
KDYH PLQLPDO GXUDWLRQ DW WKH GRVDJH IRU ZKLFK WKH FKHPLFDO UHDFWLRQ VSHHGV DUH PD[LPXP O  >@ $W WKH
PL[WXUHOHDQLQJWKHGXUDWLRQVRIWKRVHWZRSKDVHVLQFUHDVHDQGWKHFRPEXVWLRQGXUDWLRQDOVRLQFUHDVHV,QWKHDUHDRI
YHU\OHDQPL[WXUHVO WKHVWDELOHUXQQLQJRIWKHHQJLQHLVDOVRDVVXUHGE\(GXHWRELRHWKDQROZLGHUOLPLWRI
LQIODPPDELOLW\RI«YHUVXV«IRUJDVROLQHGHILQHGDVOL«OVDWƕ&DQGEDU>@
6WXG\RIF\FOHYDULDELOLW\DVSHFWVIRUELRHWKDQROXVH
$ QDWXUDO DVSLUDWHG DXWRPRWLYH VSDUN LJQLWLRQ HQJLQH ZDV FRQYHUWHG WR WXUERVXSHUFKDUJLQJ DQG ELRHWKDQRO
JDVROLQHEOHQGVIXHOOLQJLQRUGHUWRLPSURYHSHUIRUPDQFHDQGSROOXWLRQHPLVVLRQV7KHFODVVLFHQJLQHFKDUDFWHULVWLFV
DUHVZHSWYROXPH>GP@ERUH>PP@VWURNH>PP@FRQURGOHQJWK>PP@FRPSUHVVLRQUDWLR
DQG>EDU@VXSHUFKDUJLQJSUHVVXUH)RUWKHRSHUDWLQJUHJLPHRIUHYPLQDQGIXOOORDGDWGLIIHUHQWYDOXHVRI
DLUIXHOUDWLRGHILQHGE\O DQGDSUHOLPLQDU\VWXG\RIF\FOHYDULDELOLW\ZDVGHYHORSHG8VLQJDQ$9/
GDWDDFTXLVLWLRQV\VWHP,QGLPRGXOW\SHDQXPEHURIFRQVHFXWLYHF\FOHVZHUHUHJLVWHUHGIRUJDVROLQHDQG
(YELRHWKDQROYJDVROLQHIXHOOLQJ

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&29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)LJD&29GSGĮPD[YHUVXVDLUIXHOUDWLRE&29ĮSPD[YHUVXVDLUIXHOUDWLR
7KH F\FOH YDULDELOLW\ FRHIILFLHQWV &29 IRU LQGLFDWHG PHDQ HIIHFWLYH SUHVVXUH ,0(3 PD[LPXP SUHVVXUH
PD[LPXPSUHVVXUH ULVH UDWHDQGDQJOHRIPD[LPXPSUHVVXUHZHUHFDOFXODWHG LQRUGHU WRHYDOXDWHKRZ WKHHQJLQH
UXQQLQJLVDIIHFWHGE\WKHYDULDELOLW\RIWKHFRPEXVWLRQSURFHVVDOOWKHYDOXHVRIWKHF\FOHYDULDELOLW\FRHIILFLHQWVDUH
SUHVHQWHGLQWKH)LJDQG7KH)LJDEDQGDEVKRZWKHF\FOHYDULDELOLW\FRHIILFLHQWVIRULQGLFDWHGPHDQ
HIIHFWLYH SUHVVXUH ,0(3 PD[LPXP SUHVVXUH PD[LPXP SUHVVXUH ULVH UDWH DQG DQJOH RI PD[LPXP SUHVVXUH
FDOFXODWHG LQ RUGHU WR HYDOXDWH WKH ZD\ WKDW WKH HQJLQH UXQQLQJ LV DIIHFWHG E\ WKH YDULDELOLW\ RI WKH FRPEXVWLRQ
SURFHVV7KHF\FOHYDULDELOLW\FRHIILFLHQWIRULQGLFDWHGPHDQHIIHFWLYHSUHVVXUHLVFDOFXODWHGDQGSUHVHQWHGLQWKHILJ
DDQGIRUVWRLFKLRPHWULFGRVDJHȜ WKH&29,0(3LVDWJDVROLQHIXHOOLQJDQGGHFUHDVHVWRIRU(
IXHOOLQJ
7KHGHFUHDVHVLVDOVRSUHVHQWLQWKHDUHDRIULFKGRVDJHȜ IURPWRDQGLQWKHGRPDLQRIYHU\
OHDQ PL[WXUHV UHJLPH Ȝ  IURP  WR  7KH GHFUHDVH WHQGHQF\ LQ FRHIILFLHQW YDOXHV VKRZV WKH
LPSURYHPHQWRI WKH FRPEXVWLRQSURFHVV DW( IXHOOLQJ IRU HQWLUH DUHDRI DLUIXHOPL[WXUHV DQG WKHSRVVLELOLW\ RI
VWDEOH UXQQLQJ HYHQ LQ WKH DUHDRI YHU\ OHDQGRVDJHV Ȝ  WKH FDOFXODWHGYDOXHVEHLQJXQGHU DGPLWWHGYDOXHRI
7KH F\FOHYDULDELOLW\ FRHIILFLHQW IRUPD[LPXPSUHVVXUH LV UHODWHGZLWKGHWHUPLQDWLRQRI WKHRSWLPXPVSDUN
LJQLWLRQ WLPLQJ YDOXH )RU JDVROLQH IXHOOLQJ WKH &29SPD[ LV  DW Ȝ   DW Ȝ  DQG  DW Ȝ 7KH
YDOXHVGHFUHDVHDW(IXHOOLQJWRIRUȜ IRUȜ DQGIRUȜ DVILJEVKRZV)RUULFK
DQG VWRLFKLRPHWULF GRVDJHV WKH YDOXHV RI 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